Obesity has a rising prevalence in children and adolescents, affecting 30% of the paediatric population in Portugal. Leptin is an important hormone involved in the pathogenesis of obesity and has been under investigation as a risk marker for future complications. Aims: 1. To evaluate the relation between serum leptin levels and body mass index (BMI) and height. 2. To compare leptin levels in obese and non-obese children. 3. To evaluate the relation between leptin levels and insulin resistance index. Methods: Cross-sectional study, using a sample of 70 obese children and a control group of 53 non-obese children. Obesity was defined as BMI standard deviation >2 for age and sex. In the obese group we assessed sex, age, BMI SDS and height SDS for age and sex, and serum levels of glucose, insulin and leptin. In the control group were obtained BMI SDS and height SDS for age and sex and leptin levels. Data were analysed using SPSS 12. Results: The mean age of obese and non-obese children was 10.3 ± 2.9 versus 10.9 ± 3.5 years. In the obese group, 32 (45.7%) were boys versus 18 (31.0%) in the non-obese group. BMI SDS in the obese group was 3.12 ± 0.60 versus 0.20 ± 0.99 in the non-obese group (p <0.001). Leptin levels showed a positive correlation with BMI SDS (r = 0.69; p <0.001) and height SDS (r = 0.31; p <0.001). When comparing leptin levels between obese and non-obese groups, we found a significant difference in boys (50.7 ± 27.3 versus 7.0 ± 6.8
INTRODUCTION
Obesity prevalence is rising dramatically in children and adolescents, and is becoming a worldwide problem. In Portugal as in other countries it affects 30% of the paediatric population and has profound public health consequences as a result of the relation with later life co-morbidities that are the primordial causes of death of the general population, such as stroke, heart disease and type 2 diabetes mellitus 1 ' 2 . Body weight is regulated by a complex feedback loop in which peripheral signals (leptin, adiponectin, ghrelin) report nutritional information to an integrator centre in the brain, the hypothalamus .
Leptin is a peptide produced by adipocytes; it controls energy metabolism by suppressing food intake and stimulating energy expenditure. It is thought to be an important hormone involved in the pathogenesis of obesity and has been under investigation as a risk marker for future complications. Obesity is frequently associated with high VOLUME 23, NO. The aims of the present study were to evaluate the relation between serum leptin levels and body mass index (BMI) and height, to compare leptin levels in obese and non-obese children, and to evaluate the relation between leptin levels and insulin resistance index.
PATIENTS AND METHODS
A descriptive cross-sectional study was performed, using a sample of 70 obese children attending the outpatient Clinic of Endocrinology at the Paediatric Hospital of Coimbra and a control group of 53 non-obese and healthy children also attending this clinic.
Age, sex, weight, height, BMI SDS and height SDS for age and sex and leptin levels were determined for all the children. In the obese group we also assessed serum levels of fasting glucose and insulin.
The same team of trained nurses performed all anthropometric measurements. Weight was measured to the nearest 0.1 kilogram and height to the nearest 0.1 cm. Obesity was defined as BMI standard deviation >2 for age and sex. The insulin resistance index was obtained by the formula fasting glucose/insulin. It was considered insulin resistance when the index was greater than 2.7 mmol/mU.
The relationships between leptin levels and BMI, leptin and height were assessed by Pearson correlation coefficients (obese and control groups together, n = 123). Leptin levels in obese and non-obese children were compared using t-test. In the obese group the relation between leptin levels and insulin resistance index was assessed by Pearson correlation coefficient.
Statistical analysis of the data was conducted using SPSS 12. The results are expressed as means ± 2 SD. Statistical significance was set at p <0.05.
RESULTS
Age and sex distribution in the two groups were not significantly different: mean age of the obese group was 10.3 ± 2.94 years versus 10.9 ± 3.5 years in the non-obese group. The obese group had 32 (45.7%) boys and the non-obese group had 18 (31.0%) boys. Both BMI and height were significantly different between the two groups: BMI SDS in the obese group was 3.12 ± 0.60, and in the non-obese group 0.20 ± 0.99 (p <0.001); height-SDS was 1.18 ± 1.38 in the obese group and 0.05 ± 1.62 in the control group (pO.OOl) ( Table 1) .
There was a positive correlation of leptin levels with BMI SDS (boys: r = 0.67, p <0.01; girls: r = 0.72, p O.01) and height SDS (boys: r = 0.38, p <0.01; girls: r = 0.25, p <0.05) in both sexes (Fig. 1) .
Leptin levels in obese boys were 50 ± 27.3 ng/ml in contrast with non-obese boys who had leptin levels of 7.0 ± 6.8 ng/ml (p O.001); in girls the levels were 57.6 ± 25.5 ng/ml in the obese group versus 16.5 ± 10.3 ng/ml in the nonobese group (p O.001); these levels were significantly higher in the obese group than in the non-obese group in both sexes. Leptin was significant higher in girls than in boys in the nonobese group (p <0.05), but this significant difference is lost in the obese group (Table 2) .
There was a positive correlation between leptin levels and insulin resistance index in boys (r = 0.45, p = 0.05), but not in girls (Fig. 2) .
DISCUSSION
In the present study positive correlations were found of leptin levels with BMI SDS and height SDS, and the correlation was stronger between leptin and BMI SDS, as expected. This is in agreement with known physiological pathways of energy control in humans, to signal energy availability, in which leptin rises with the increase of body fat 5 ' 6 . An interesting finding is that serum leptin was significantly higher in girls than in boys in the non-obese group. As reported in other studies, a strong sex difference exists at birth, with leptin Leptin levels (ng/ml) compared by group and by sex
Obese group Non-obese group
Boys' leptin levels Girls' leptin levels concentrations being significantly higher in females than males and persisting through life . As demonstrated in many other studies, we found statistically significantly higher levels of leptin when comparing obese and non-obese children. These values may be related to a state of fl 1O leptin resistance in obese children " .
The positive correlation between leptin levels and insulin resistance index in this study may suggest a role of leptin in insulin resistance. Insulin resistance related to obesity may be responsible for an increase in cytokines such as leptin; chronically increased insulin levels also concur with higher leptin. Recent reports have described an important correlation of leptin serum concentration with insulin resistance and other cardiovascular factors. Some described serum leptin as an independent risk factor for coronary heart disease and with significant association with metabolic syndrome 5 .
The main limitations of our study were the small sample size of the obese and control groups, and the cross-sectional design, which do not allow extrapolation of the conclusions to the general Portuguese population. More studies are needed to better characterize leptin profile and possible correlations with cardiovascular risk factors.
CONCLUSIONS
We are now in a new era in which there are many endocrine-metabolic pathways that explain obesity and may be markers of co-morbidities of this disease. The concentration of leptin in serum is higher in obesity, correlates with insulin resistance, and may add important prognostic information for future cardiovascular risk.
